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Carotid artery revascularization has been proven
to be safe, beneficial, and durable for patients at risk
for stroke.1-3 The history of neck irradiation adds to
the complexity of the operation, and long-term
results in this setting have not been documented.
Presently, more patients with malignant disease of
the head and neck are undergoing multimodal treat-
ment that includes radiation therapy. Radiation-
induced damage to the carotid artery may ensue.
Thus, long-term survivors of malignant disease of
the head and neck may be seen for an evaluation of
carotid artery disease. The concerns about the man-
agement of these patients include extent of preoper-
ative planning, possibility of increased surgical com-
plexity, intraoperative technique, and long-term pro-
cedure durability. Specifically, questions have been
raised regarding the choice of anesthetic method,
the need for myocutaneous flaps for closure, the
technical advisability of endarterectomy in the set-
ting of arteritis, and the risk of perioperative mor-
bidity. Thus, to answer these questions, establish
guidelines, and elucidate factors that are important
in the care of patients who undergo carotid artery
repair after neck irradiation, we reviewed our experi-
ence in the last two decades.
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Objective: The development of carotid atherosclerosis after neck irradiation is well doc-
umented. There has been concern about the safety and durability of carotid artery repair
through a radiated field. The objective of this report is to describe the immediate and
long-term results of a series of cases collected in a 13-year interval.
Methods: From 1984 to 1997, 24 patients underwent 26 carotid artery operations. All the
patients had undergone prior radiation therapy at a mean interval of 17 years, with an
average radiation dose of 6300 rad. Severe scarring of the skin or radiation fibrosis were
present in two thirds of the patients, with 4 patients having permanent tracheostomies.
The indications for carotid surgery included cerebral or monocular transient ischemic
attack (58%), asymptomatic high-grade stenosis (27%), prior stroke (12%), and tumor
invasion of the carotid artery (4%). General anesthesia was used with selective shunting
on the basis of carotid artery back pressure or electroencephalography monitoring. Patch
angioplasty closure was used in 79% of the patients. The operations included standard
carotid endarterectomy (n = 20), external carotid endarterectomy (n = 2), carotid patch
angioplasty alone (n = 2), aortocarotid bypass grafting (n = 1), and carotid interposition
grafting (n = 1). Four patients required skin grafting or myocutaneous flaps.
Results: No deaths or strokes occurred within 30 days of the operations. Six patients had
transient cranial nerve palsy, and two had wound infections. The patients were followed
from 1 to 156 months, with six patients being followed for longer than 18 months. No
strokes were seen at late follow-up examination. Duplex scan examination documented
one occlusion, in a patient with primary closure, and two restenoses, one of which neces-
sitated reoperation. The remainder of the grafts were widely patent.
Conclusions: Carotid surgery after neck irradiation is safe and durable. The long-term
patency rates and the protection against subsequent neurologic events are similar to the
results obtained in the absence of radiation therapy. Problems of wound healing were
not found in this series. (J Vasc Surg 1999;29:90-9.) 
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PATIENTS AND METHODS
Data analysis. From 1984 to 1997, 24 patients
were identified as having undergone carotid revascu-
larization after therapeutic neck irradiation. These
patients were found in a group of about 800 patients
who underwent carotid revascularization. Thus, the
24 patients represented approximately 3% of the total.
All the clinical, perioperative, and demographic data
were obtained through a review of the original hospi-
tal, physician, and vascular laboratory records. All the
patients were followed at our institution with follow-
up duplex scan ultrasound imaging (Diasonics
Gateway Series, Santa Clara, Calif), which was per-
formed at the University of California–Los Angeles
Outpatient Vascular Laboratory. All the data were
compiled on a spreadsheet with basic statistical analy-
ses capability (Excel, Microsoft Corp, Redmond,
Wash). 
Patient population. The demographic and clin-
ical factors of the patients who underwent carotid
revascularization after neck irradiation are shown in
Table I. The salient features include a mean age of 62
years, a two-thirds male preponderence, and a smok-
ing history in 75% of the patients. In comparison to
the data of the North American Symptomatic
Carotid Endarterectomy Trial and the Asymptomatic
Carotid Artery Stenosis Study, the risk factor of
coronary artery disease was significantly lower in this
cohort (P < .05), and age, hypertension, and diabetes
risk factors were lower and approached statistical sig-
nificance. Most of the patients (58%) had histories of
head and neck squamous cell carcinomas that led to
neck irradiation. A mean therapeutic radiation dose
of 6300 rad was administered, and a mean interval of
17 years elapsed between the radiation therapy and
the carotid revascularization (Table II). More than
two-thirds of the patients had a hostile neck that was
related to radiation injury, with 23% having severe
injury or radiation fibrosis and 38% having had ipsi-
lateral neck dissections (nine modified radical, one
radical). The indications for surgical intervention
were similar to those of patients for routine carotid
revascularization, but one patient required surgery
for tumor invasion (Table II).
Operative technique. All the operations were
performed with general endotracheal anesthesia with
the patients in a supine position (Table III). Overall,
the mean operative time was approximately 3 hours
and the degree of difficulty for these cases was judged
to be between a routine carotid endarterectomy and a
redo carotid artery operation (Fig 1). The carotid
artery was exposed via a longitudinal neck incision
anterior to the sternocleidomastoid muscle. Previous
ipsilateral neck incisions were present in 46% of the
cases and were reincised, if possible, including one
transverse incision. The common carotid, internal
carotid, and external carotid arteries were dissected
and isolated. Care was given to preserve all nerves,
including the ansa hypoglossi, especially in the
patients with esophageal speech status post laryngec-
tomy. All the patients underwent intraoperative sys-
temic anticoagulation therapy with heparin before
vascular clamping. Cerebral monitoring was used in
22 of the 26 operations (85%) with either electroen-
cephalography or determination of back pressure
because of our preference for selective shunting,
which was needed in 31% of the cases. The operations
included standard carotid endarterectomy (n = 20),
external carotid endarterectomy with exclusion of
occluded internal carotid artery stump (n = 2), carotid
patch angioplasty alone (n = 2), aortocarotid bypass
grafting with a Dacron prosthesis (n = 1), and carotid
interposition grafting with reversed saphenous vein (n
= 1). Thus, in four cases, endarterectomy was not per-
formed. Two cases necessitated patch angioplasty
alone because the carotid artery was deemed to be
unsuitable for endarterectomy during surgery; the
aortocarotid bypass grafting procedure was per-
formed for extensive inominate and carotid artery
atherosclerosis; and the carotid interposition grafting
procedure was performed in the case of tumor inva-
Fig 1. Contrast angiogram of right carotid system in
patient with retinal stroke who had undergone radiation
therapy in the past for nasopharyngeal squamous cell car-
cinoma. Note extensive involvement of both common and
internal carotid arteries. Contralateral internal carotid
artery was occluded (not shown).
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sion of the carotid artery. Patch angioplasty was used
for closure in 79% of the cases in this series, including
the last 18 of the 19 consecutive cases. Prosthetic
patch material was used in 15 cases (Dacron 14, poly-
tetrafluoroethylene 1), and vein patch was used in four
cases. Four patients required myocutaneous flaps or
split-thickness skin grafts for closure; however, two of
the four were performed after a concomitant modified
radical neck dissection. In the latter two unusual cases,
one patient required carotid revascularization as a
result of tumor invasion of the carotid artery and the
other patient required carotid endarterectomy for a
high-grade asymptomatic lesion while undergoing
redo neck dissection for recurrent malignant disease.
In the other two cases that necessitated flap closure,
severe radiation fibrosis precluded adequate primary
closure. The patients were carefully observed after
surgery in an intensive care unit setting or, in more
recent years, on a vascular surgery ward. The postop-
erative medications included aspirin, but warfarin anti-
coagulation therapy was not routinely administered. 
RESULTS
The early postoperative results are displayed in
Table IV. No patients had central neurologic insult
after surgery. Six patients had cranial nerve palsies
documented with clinical examination that involved
the facial nerve (n = 2), vagus nerve (n = 2), and the
hypoglossal nerve (n = 1), and one patient had both
facial and hypoglossal nerve palsies. These palsies
were all transient and resolved postoperatively. One
patient had a postoperative hematoma that did not
necessitate evacuation. Two patients had postopera-
tive wound infections. Both of these cases differed
from the others in this series. The lone patient who
underwent aortocarotid bypass grafting had a sternal
wound infection develop that necessitated the
removal of one sternal wire. One of two patients who
underwent concomitant carotid revascularization
and radical neck dissection for recurrent disease had
a superficial slough of the myocutaneous flap used
for closure that healed with conservative measures.
A pathologic examination of the specimens (n =
22) revealed atherosclerotic plaque (n = 7), athero-
sclerotic plaque with extensive calcification (n = 11),
fibrous lesion (n = 3), and desmoplastic reaction
with squamous cell cancer invasion (n = 1). The
three patients with primarily fibrous lesions were all
symptomatic (2 transient ischemic attacks, 1 cere-
brovascular accident) but had no significant differ-
ence in terms of radiation dose or interval between
radiation and operation when compared with the
other patients.
Follow-up examination (range, 1 to 156 months)
revealed no strokes in these 24 patients who under-
went 26 operations (Table V). Duplex scan examina-
tions have revealed one occlusion, which was discov-
ered 1 month after surgery, and 2 restenoses, all of
which were silent events. The occlusion occurred in
the first patient of this series who underwent carotid
endarterectomy with primary closure and who
required tacking sutures on the distal aspect of the
endarterectomy. Restenosis occurred in two patients.
One patient had undergone an external carotid
endarterectomy, and restenosis developed 4 months
after surgery. The other patient had undergone
carotid patch angioplasty, and a high-grade resteno-
sis developed proximal to the patched area, which
necessitated reoperation. The remainder of the
patients had widely patent vessels on follow-up
duplex scanning. Life-table analyses (Fig 2) reveal a
stroke-free survival rate of 100%, a cumulative paten-
cy rate of 96%, and a cumulative rate of patency with-
out restenosis of 81% at 36 months, although only six
patients were available for follow-up periods of
longer than 18 months.
DISCUSSION
Radiation-associated atherosclerosis is a well-
defined entity and has been recognized for some
time.4,5 The refinement in therapeutic radiation
dosimetry has decreased many of the radiation side
effects and complications. However, increasing
numbers of patients with malignant diseases of the
head and neck are undergoing multimodal treat-
ments that include therapeutic radiation. The identi-
fication of radiation-associated atherosclerosis of the
carotid system is mostly on the basis of clinical para-
meters. The diagnosis is suggested when carotid dis-
ease develops in a patient who has the appropriate
history of neck irradiation and who has a paucity of
other atherosclerotic risk factors.6 Similarly, preva-
lence of atherosclerotic risk factors for the patients in
this study was lower than previously reported for the
patients who required carotid revascularization
(Table I).
Previous laboratory evidence of radiation-
induced atherosclerosis was seen in the 1940s when
radiation was introduced as a therapeutic method for
malignant disease.7 Despite extensive investigations,
it is still unclear whether radiation induces athero-
sclerosis or accelerates its formation in susceptible
individuals. Early reports emphasized the similarity of
atherosclerotic plaque and radiation-associated large
vessel disease. Experimental animal studies have
shown that large vessel injury is consistent with ath-
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erosclerosis that increases with the dosage and the
length of localized radiotherapy.8 In general, the
chronic effects of radiotherapy lead to decreased vas-
cularity and increased fibrosis, which in turn leads to
risk of tissue necrosis, infection, and ulceration. On
the cellular level, tissue hypoxia and perhaps impaired
leukocyte function are implicated in the pathogenesis
of radiation injury.4 Recent studies with duplex scan
imaging of the carotid arteries have revealed a signif-
icant progression of carotid atherosclerosis in
patients who have undergone radiation in compari-
son with the controls.9,10 A study with magnetic res-
onance imaging detection of carotid atherosclerosis
also showed significant acceleration of disease in
patients who underwent irradiation in comparison
with the controls.11 The conclusion of these studies
was that radiation accelerated, and possibly induced,
atherosclerosis. Furthermore, screening and long-
Fig 2. Life-table analyses reveal stroke-free survival rate of 100%, cumulative patency rate of
96%, and rate of cumulative patency without restenosis of 81% at 36 months. Dashed line indi-
cates standard error exceeds 10%. Numbers above graph points indicate grafts at risk (n). For
patency rate curve, grafts at risk after 3 months are n-1. For patency rate without restenosis
curve, grafts at risk after 9 months are n-2 and after 12 months are n-3. 
Table I. Demographic and clinical factors for patients who underwent carotid revascularization after neck
irradiation (n = 24)
Present study
NASCET data1 (n = 1212) ACAS data3 (n = 825*)
No. of patients (%) Percent of patients Percent of patients
Mean age 62 years 66 years 67 years
Gender
Male 16 (66) 70% 66%
Female 8 (33) 30% 34%
CAD 4 (17) 52%† 69%
Hypertension 11 (46) 63% 64%
Diabetes 4 (17) 21% 25%
Smoking‡ 18 (75) 82%
Cancer history
Squamous cell 14 (58)
Melanoma 3 (13)
Thyroid 3 (13)
Parotid 2 (8)
Lymphoma 2 (8)
NASCET, North American Symptomatic Carotid Endarterectomy Trial; ACAS, Asymptomatic Carotid Artery Stenosis Study; CAD,
coronary artery disease.
*Baseline characteristics from patients randomly assigned to surgical arm.
†Includes congestive heart failure, arrhythmia, angina, and previous myocardial infarction.
‡Includes both current and past smokers.
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term follow-up examination is needed in patients
who underwent neck irradiation to detect carotid
disease that was often asymptomatic.
Reports that deal with carotid surgery after neck
irradiation total approximately 60 patients before
this report—many are single case reports. The series
by Rockman et al12 of 10 patients who underwent
14 operations, the report by Silverberg et al6 on 9
patients, and the report from Atkinson et al on 7
patients13 were the most extensive in the literature.
Even though the reported cases are few, individual
cases in the community may be underreported and,
thus, the magnitude of this type of complex carotid
surgery may not be fully appreciated. Also, there
may be some patients identified with carotid lesions
appropriate for revascularization who may be
regarded as being at too high a risk for operation
and are denied definitive surgical management.
Furthermore, multiple reports have documented
radiation-associated occlusive disease in other vascu-
lar territories, including brachiocephalic, aortoiliac,
and femoral lesions.14,15 These lesions have been
managed surgically in a wide variety of ways to revas-
cularize the affected region.
In this study, we reviewed the immediate and
long-term outcomes of 24 patients who underwent
26 carotid operations after neck irradiation. Certain
guidelines in the management of these diseases have
become apparent with this review. The preoperative
preparation for these patients has mirrored the care
given to patients with carotid disease without a his-
tory of radiation. In the earlier years of this series, all
the patients were undergoing four-vessel cerebral
angiography before operation. However, the last 13
of 17 cases were performed with preoperative duplex
Table II. Preoperative factors associated with radi-
ation therapy (n = 26)
Preoperative factors
Interval between XRT and operation mean, 17 ± 13 years 
XRT dose mean, 6300 ± 1200 rad 
(n = 11)
No. of patients (%)
Radiation skin changes 
Normal, supple tissue 8 (31)
Mild/moderate injury, edema 12 (46)
Severe injury, fibrosis 6 (23)
Previous ipsilateral scars
Neck dissection 10 (38)
Permanent tracheostomy 4 (15)
Indication for carotid reconstruction
Monocular or hemispheric TIA 15 (58)
Asymptomatic high-grade stenosis 7 (26)
CVA 3 (12)
Tumor invasion 1 (4)
XRT, Therapeutic head and neck irradiation; TIA, transient
ischemic attack; CVA, cerebrovascular accident.
Table III. Intraoperative factors for patients who
underwent carotid revascularization after neck irra-
diation (n = 26)
Intraoperative factors No. of patients (%)
Type of operation
CEA 20 (77)
External CEA 2 (8)
Carotid patch angioplasty 2 (8)
Aorto-carotid bypass grafting 1 (4)
Carotid interposition 1 (4)
Type of anesthesia
General endotracheal 26 (100)
Operative time mean, 184 minutes
Clamp time mean, 58 minutes
Cerebral monitoring
Back pressure 8 (31)
EEG 14 (54)
Use of carotid shunt 8 (31)
Patch closure 19 (79; n = 24)
Tacking sutures 2 (8)
EBL mean, 190 mL
Need for flap/plastic closure 4 (15)
CEA, Carotid endarterectomy; EEG, electroencephalography;
EBL, estimated blood loss.
Table IV. Early postoperative course in patients
who underwent carotid revascularization after neck
irradiation (n = 26)
Early postoperative course No. of patients (%)
Postoperative CVA 0 (0)
Cranial nerve palsy 6 (23), all transient
Hematoma 1 (4)
Wound infections 2 (8)
Other complications 1 (4), hypertensive crisis
Length of stay mean, 3.4 days
CVA, Cerebrovascular accident.
Table V. Follow-up evaluation in patients who
underwent carotid revascularization after neck irra-
diation (n = 26)
Follow-up evaluation No. of patients (%)
Follow-up interval range, 1 to 156 months
CVA 0 (0)
Duplex scan evaluation
Patent carotid 19 (86; n = 22)
Restenosis 2 (10; n = 22)
Occlusion 1 (5; n = 22)
CVA, Cerebrovascular accident.
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scan imaging only. Proximal carotid artery disease
may be indicated by the history of neck and chest
irradiation or by the finding of common carotid
artery turbulence on duplex scan imaging. If any
concern of proximal carotid artery disease exists,
angiography should be used without hesitation. The
indications for surgical intervention remained similar
to routine cases, with only one case necessary for
tumor invasion. General anesthesia was used in all of
our cases, even though the operation has been
described using regional anesthesia.12 The former
method seems prudent, given the uncertainty of the
difficulty of dissection and, thus, the uncertainty of
the operating time. In this series, the mean operat-
ing time was approximately 3 hours, which may be a
prohibitive amount of time for a patient to tolerate
regional anesthesia. Also, the mean operating time
reflects a careful and cautious operative technique.
Care must be given to preserve all nerves, including
the ansa hypoglossi, especially in patients with
esophageal speech status post laryngectomy. Along
with general anesthesia, cerebral monitoring with
selective shunting was elected. Carotid back pressure
was used early in the experience, and presently elec-
troencephalography is the monitoring method of
choice. Despite concerns about arteritis and possible
technical difficulty, endarterectomy was performed
successfully in most of the cases. The need for der-
mal grafting or flap closure has been unusual (15%),
with 2 of 4 flaps needed after concomitant radical
neck dissection performed by the Head and Neck
Surgical Service.
The immediate postoperative course in these
patients with complex operative courses has been
remarkably bland. No perioperative strokes occurred.
Six patients had cranial nerve dysfunction after
surgery, but all the palsies were transient and resolved
with time. One patient had a wound hematoma that
did not necessitate drainage. Long-term follow-up
examination revealed no strokes. Radiation-associat-
ed carotid atherosclerosis is a distinct entity, but with
careful management, the results of revascularization
are similar to the results obtained in carotid surgery
in the absence of neck irradiation.
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APPENDIX 2. PATENCY RATES.
No. of patent grafts withdrawn as a result of:
No. of grafts at No. of Loss to Interval Cumulative Standard
Interval (mo) risk at start failed grafts Duration follow-up Death patency rate patency rate (%) error (%)
0 to 1 26 1 1 6 0 0.96 100 0.0
1 to 3 18 0 0 1 0 1.00 96 4.7
3 to 6 17 0 1 2 0 1.00 96 4.9
6 to 9 14 0 1 3 0 1.00 96 5.4
9 to 12 10 0 2 1 0 1.00 96 6.4
12 to 15 7 0 1 0 0 1.00 96 7.6
15 to 18 6 0 1 0 0 1.00 96 8.2
18 to 21 5 0 0 0 0 1.00 96 9.0
21 to 24 5 0 0 0 0 1.00 96 9.0
24 to 27 5 0 0 0 0 1.00 96 9.0
27 to 30 5 0 0 0 0 1.00 96 9.0
30 to 33 5 0 0 1 0 1.00 96 9.0
33 to 36 4 0 0 1 0 1.00 96 10.1
APPENDIX 1. STROKE-FREE SURVIVAL RATES.
No. of patent grafts withdrawn as a result of:
No. of grafts at Loss to Interval Cumulative Standard
Interval (mo) risk at start No. of strokes Duration follow-up Death patency rate patency rate (%) error (%)
0 to 1 26 0 1 6 0 1.00 100 0.0
1 to 3 19 0 0 1 0 1.00 100 0.0
3 to 6 18 0 1 2 0 1.00 100 0.0
6 to 9 15 0 1 3 0 1.00 100 0.0
9 to 12 11 0 2 1 0 1.00 100 0.0
12 to 15 8 0 1 0 0 1.00 100 0.0
15 to 18 7 0 1 0 0 1.00 100 0.0
18 to 21 6 0 0 0 0 1.00 100 0.0
21 to 24 6 0 0 0 0 1.00 100 0.0
24 to 27 6 0 0 0 0 1.00 100 0.0
27 to 30 6 0 0 0 0 1.00 100 0.0
30 to 33 6 0 0 1 0 1.00 100 0.0
33 to 36 5 0 0 1 0 1.00 100 0.0
APPENDIX 3. RATE OF PATENCY WITHOUT RESTENOSIS.
No. of patent grafts withdrawn as a result of:
No. of grafts at No. of Loss to Interval Cumulative Standard
Interval (mo) risk at start restenosis Duration follow-up Death patency rate patency rate (%) error (%)
0 to 1 26 1 1 6 0 0.96 100 0.0
1 to 3 18 0 0 1 0 1.00 96 4.7
3 to 6 17 1 1 2 0 0.94 96 4.9
6 to 9 13 1 1 3 0 0.91 89 8.1
9 to 12 8 0 2 1 0 1.00 81 12.4
12 to 15 5 0 1 0 0 1.00 81 15.7
15 to 18 4 0 1 0 0 1.00 81 17.6
18 to 21 3 0 0 0 0 1.00 81 20.3
21 to 24 3 0 0 0 0 1.00 81 20.3
24 to 27 3 0 0 0 0 1.00 81 20.3
27 to 30 3 0 0 0 0 1.00 81 20.3
30 to 33 3 0 0 1 0 1.00 81 20.3
33 to 36 2 0 0 1 0 1.00 81 24.9
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 1 Kashyap, Moore, and Quinones-Baldrich 97
Dr William C. Krupski (Denver, Colo). I would like
to congratulate Dr Kashyap for his excellent presentation
and for preparation of an outstanding manuscript, which I
commend to you. Once again, we are indebted to Dr
Moore and his group at the University of California–Los
Angeles for expanding our knowledge of cerebrovascular
disease. This time he has tackled the difficult clinical prob-
lem of treating the patient with carotid artery occlusive
disease after neck irradiation.
This is indeed a large and impressive series. In preparing
for this discussion, I was able to find only three reports that
specifically addressed radiation-associated carotid atheroscle-
rosis and a handful of others that examined management of
radiation-induced arterial occlusive disease in general. Fewer
than 100 patients with carotid disease that occurred after
neck irradiation have been described, and most have been
isolated case reports. Today’s presentation of 26 operations
in 24 patients is by far the largest experience reported in the
literature to date. Moreover, the results are exemplary—far
better than previous reports in which more than one fifth of
such patients had morbidity or mortality. Earlier in this
decade, for example, Phillips and colleagues (Late complica-
tions of revascularization for radiation-induced arterial dis-
ease. J Vasc Surg 1992;16:921-5) from Philadelphia and
Buffalo reported a 21% incidence rate of late graft infection
and a 5% mortality rate from sepsis in a series of 25 revascu-
larizations in 23 patients who were operated on for radiation-
induced arterial disease.
In a discussion of this paper, Dr Jim DeWeese stated
that he was instructed to avoid operations that necessitat-
ed incisions through irradiated tissue because of problems
with wound healing and that he mistakenly thought he
passed this on to his trainees and associates who authored
the manuscript. Like Dr DeWeese, I, too, have sought rea-
sons not to operate through irradiated fields for fear of
wound complications, infections, failures of arterial recon-
structions, and late adverse outcomes, such as pseudo-
aneurysms. The results that Dr Kashyap reported this
morning would appear to allay those fears because there
were no deaths, no early or late strokes, only two minor
wound complications, and six transient cranial nerve
injuries among these patients.
Because the results in the University of California–Los
Angeles series are so superior to previous reports, I would like
to ask several questions that might permit those of us who
encounter the occasional patient with radiation-associated
cerebrovascular disease to achieve comparable outcomes.
Most of my concerns relate to technical considerations.
First, only one third of the patients had normal supple
tissue in the neck, whereas two thirds had significant radi-
ation changes. In contrast to previous investigators who
recommended routing grafts away from irradiated tissue
or liberally using myocutaneous flaps in such patients, it
appears that incisions were made and closed simply, in
today’s report, with only four patients having myocuta-
neous flaps—two of which were performed after a con-
comitant neck dissection. How do we determine when to
get our plastic surgeons involved with wound closure?
When are skin changes too severe to permit straightfor-
ward reapproximation of the wound?
Second, previous analyses have suggested that the stan-
dard endarterectomy plane is difficult to develop after neck
irradiation and that carotid patching should routinely be
performed. Yet, the degree of difficulty in this series was
judged to be “in between a routine carotid endarterectomy
and a redo operation” and patch closure was not performed
in 21% of the cases. How was this determination of difficul-
ty made? How should we find the proper endarterectomy
plane? When should we patch? And should we use pros-
thetic or autogenous patches?
Third, the University of California–Los Angeles group
has championed the use of duplex scanning alone for diag-
nosis and operative management of extracranial cere-
brovascular disease. In today’s presentation, we learned
that the last 13 of 17 cases have been done without pre-
operative angiography. Yet, previous investigators have
characterized radiation-induced occlusive arterial disease
as having an unusual distribution. George Andros and col-
leagues (Management of arterial occlusive disease follow-
ing radiation therapy. Cardiovasc Surg 1996;4:135-42),
for example, have recently reported a high incidence rate
of common carotid vertebral and brachiocephalic occlu-
sive disease in patients who underwent irradiation. Will
duplex scanning discover such unusual lesions? When do
the authors recommend angiography?
I would also ask Dr Kashyap a fourth parallel question.
Because most of the lesions that you described today
occurred at the carotid bifurcation and because the interval
after irradiation averaged 17 years, might the carotid disease
simply be a result of standard atherosclerosis, especially con-
sidering the mean age of 62 years and the 66% preponder-
ance of men in your data? Were there any characteristic
angiographic or operative findings, such as woody indura-
tion or the absence of adventitial blood vessels, that differ-
entiated these lesions from accelerated atherosclerosis?
Finally, I was impressed that one third of the patients
in this series were asymptomatic with respect to their
carotid stenosis. Obviously, given the rarity of radiation-
associated carotid artery disease, no natural history data
exist, but do you think it is fair to apply the Asymptomatic
Carotid Artery Stenosis Study data to these patients who
presumably have a different and more fibrotic—presum-
ably less ulcerated and thrombogenic—lesion in the
carotid bifurcation? Importantly, what is the long-term
prognosis in these patients, all of whom presented with a
major problem of head and neck malignant disease? Is a
mean follow-up period of only 21 months sufficient to jus-
tify prophylactic operations?
Once again, I think this is a landmark study and I
thank the Society for the privilege of discussing it.
DISCUSSION
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Dr Vikram S. Kashyap. Dr Krupski, I thank you for
your kind comments and questions.
One of the reasons for this study was that anecdotally
we had not seen the number of complications that we
feared in this group of patients. We came to the realiza-
tion, I think, that the radiated neck is perhaps more for-
giving than other areas of the body, specifically the radiat-
ed groin, where wound complications and infections may
occur more often.
We only required four flaps in the series—two of
them, again, with concomitant modified radical neck dis-
sections. The other two flaps were performed in two
patients with the most severe disease in the series who had
significant radiation fibrosis. Reapproximation in all of the
other cases was done primarily, and usually there was not
a problem in getting the wound together. And perhaps
surprising to us, when we initially saw the data, was that
there was not a significant wound morbidity.
In terms of the general technical performance, we
used general anesthesia in all of the patients. Local anes-
thesia has been described. But our mean operative time
was close to 3 hours, which may be a prohibitive amount
of time for patients to tolerate local anesthesia. We
attempted to avoid cranial nerve injury, but we did have 6
transient cranial nerve palsies. Also important, I think, is
the preservation of the ansa hypoglossi, especially in
patients who have esophageal speech. In the last 18 of 19
cases, we used a patch, and we would recommend routine
patching in all of these cases. In our recent experience, we
have used Dacron patches exclusively.
The question of whether duplex scanning is sufficient
alone: If the portals of radiation were limited to the neck
and the duplex scanning did not give any evidence of
proximal carotid disease, duplex scanning should be a suf-
ficient preoperative imaging technique. However, if there
is any concern of proximal disease, arteriography should
be used liberally.
I think your fourth question is intriguing as to
whether radiation-associated atherosclerosis is different
than the standard garden-variety carotid atherosclerosis. I
think there are three avenues of data that point to this
being a different process. The first data are the broad
amounts of literature in the 1940s, 1950s, and 1960s in
the radiation therapy literature looking at animal studies
and the induced arterial lesions in those animals. Secondly,
there are three studies that I know of recently, one that
used magnetic resonance imaging and two that used
duplex scanning, that have showed an accelerated pro-
gression of carotid disease in patients who underwent irra-
diation versus controls. And finally, this study and others,
show a paucity of atherosclerotic risk factors in these
patients who underwent irradiation versus the usual.
And then finally, for your last question, I think we can
apply the Asymptomatic Carotid Artery Stenosis Study cri-
teria to these patients. A vast majority of these patients were
symptomatic, and 24% were asymptomatic. However, one
of the first patients in this series had a stroke from an inter-
nal carotid occlusion and was found to have a contralateral
asymptomatic tight stenosis that was repaired. The patient
has done well since then. Also, these results give us some
evidence that we should have an aggressive posture towards
these patients and not deem them as being too high risk for
operation.
Dr Calvin B. Ernst (Philadelphia, Pa). I commend Dr
Kashyap for this lucid presentation of a difficult problem.
Now, you mentioned in your discussion proximal involve-
ment. I am a little more concerned with one of your arte-
riograms that showed a rather significant distal involve-
ment. And with the diffuse nature of some of these irradi-
ated tissues, I am wondering if you had to resort to any
extraordinary maneuvers to expose the distal internal
carotid artery, such as mandibular subluxation or any of
the other maneuvers that have been described. I also
would comment that sometimes duplex scanning cannot
interrogate the distal internal carotid artery. Did you
encounter any of distal lesions for which you really wished
you had better exposure?
Thank you.
Dr Kashyap. Thank you, Dr Ernst. We, of course, had
that concern. In terms of preparing for that, all of these
patients were operated on in a supine position and had a
long longitudinal incision that we hoped would allow us
to get to the distal endpoint of the plaque. And, in fact, in
this series, there were no distal technical problems. We did
not have to resort to either dislocation of the jaw or any
other kind of skull-based manipulations to reach the distal
internal carotid artery.
Dr George Andros (Encino, Calif). I enjoyed this
paper, and I am happy to see that your results are much
like the ones that we presented a few years ago.
I happen to not agree with you that this is a distinct
entity. At 17 years after radiation, despite what you con-
sider to be a paucity of risk factors, I think that this is
probably an accelerated form of arteriosclerosis, just as
arteriosclerosis is a response to injury. So, I think that this
is a radiation injury to go along with the other risk factors.
I also cannot support your use of duplex scanning. We
saw a high incidence rate of vertebral lesions, common
carotid lesions, and contralateral lesions. I believe that these
people should get a more complete angiogram, a more
complete study, than you will get from duplex scanning.
I have one question for you. We are seeing more and
more patients who underwent radiation. Even with the
most modern equipment and the most modern protocols,
we are still seeing these patients—in the last 4 years we
have seen 5 new patients. These cases are not going away
with the new radiation protocols. Should these people
undergo duplex scan surveillance?
Dr Kashyap. Thank you, Dr Andros. I did not want to
give you the impression, and I am sorry if I did, that radi-
ation in and of itself induces atherosclerosis in humans. I
think that more appropriately it enhances the progression
of atherosclerosis, and I think that the limited data that we
have in human studies would point to that.
Again, angiograms are used liberally if there is any ques-
tion of proximal carotid disease. Even though the last 13 of
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17 cases used duplex scan alone, we did not encounter tech-
nical difficulty and stroke-free survival rate has been 100% at
36 months.
And lastly, in terms of the question on duplex scan sur-
veillance, there are a few articles in the radiation literature
that point to its value. The problem remains that the num-
ber of patients that we see is so few that it is hard to get a
natural history for this process, but perhaps it is of value in
these patients.
Dr Robert W. Hobson II (Newark, NJ). Congratu-
lations to you and your colleagues on superb surgical
results for a difficult problem. Could you comment on the
pathology of the lesions encountered? The reason I ask this
is related to the length of operation and the cranial nerve
palsies, although they were transient. Is there a subset of
patients with fibrosis in whom we should consider the pos-
sibility of balloon angioplasty and stenting? This has been
suggested by some of our colleagues, and I think it should
properly relate to the nature of the lesion encountered. I
would be interested in your opinion on that. Thank you.
Dr Kashyap. Thank you, Dr Hobson. The vast
majority of these plaques on pathologic examination
were atherosclerotic plaques, most of them with exten-
sive calcification. There were three primarily fibrotic
lesions in the series, and there was one lesion that had a
desmoplastic reaction caused by squamous cell invasion
of the artery, which was the case that needed the inter-
position grafting. We were not able to identify the pri-
marily fibrous lesions before surgery. The role of balloon
angioplasty and stenting in this setting will depend on
how safe it proves to be.
Dr Christopher K. Zarins (Stanford, Calif). I have
one question. You report on 26 carotid patchings in 13
years, which is two per year. I wonder if you can give some
idea of the denominator of the number of patients in
whom this lesion developed who might have been exposed
to radiation during this time period?
Dr Kashyap. Dr Zarins, I am sorry, but I do not have
that data because most of our patients were referred from
other institutions. The total number of carotid artery
operations that we did for all indications was about 800 in
10 years at the University of California–Los Angeles. This
series represents about 2% to 3% of the total. But I do not
know the denominator for the number of patients who
had neck irradiation who then developed carotid disease. I
believe it would be a small percentage.
